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Edited by Ned ManteiAbstract Neurons expand, sustain or prune their dendritic trees
during ontogenesis [Cline, H.T. (2001). Dendritic arbor develop-
ment and synaptogenesis. Curr. Opin. Neurobiol. 11, 118–126;
Wong, W.T. and Wong, R.O.L. (2000) Rapid dendritic move-
ments during synapse formation and rearrangement. Curr. Opin.
Neurobiol. 10, 118–124] which critically depends on neuronal
activity [Wong, W.T., Faulkner-Jones, B.E., Sanes, J.R. and
Wong, R.O.L. (2000) Rapid dendritic remodeling in the develop-
ing retina: dependence on neurotransmission and reciprocal reg-
ulation by Rac and Rho. J. Neurosci. 20, 5024–5036; Li, Z., Van
Aelst, L. and Cline, H.T. (2000) Rho GTPases regulate distinct
aspects of dendritic arbor growth in Xenopus central neurons
in vivo. Nat. Neurosci. 3, 217–225; Wong, W.T. and Wong,
R.O.L. (2001) Changing speciﬁcity of neurotransmitter regula-
tion of rapid dendritic remodeling during synaptogenesis. Nat.
Neurosci. 4, 351–352.] and sub-cellular Ca2+ signals [Lohmann,
C., Myhr, K.L. and Wong, R.O. (2002) Transmitter-evoked
local calcium release stabilizes developing dendrites, Nature
418, 177–181.]. The role of synaptic clustering proteins connect-
ing both processes is unclear. Here, we show that expression lev-
els of Vesl-1/Homer 1 isoforms critically control properties of
Ca2+ release from intracellular stores and dendritic morphology
of CNS neurons. Vesl-1L/Homer 1c, an isoform with a func-
tional WH1 and coiled-coil domain, but not isoforms missing
these features were capable of potentiating intracellular calcium
signaling activity indicating that such regulatory interactions
function as a general paradigm in cellular diﬀerentiation and
are subject to changes in expression levels of Vesl/Homer
isoforms.
 2006 Federation of European Biochemical Societies.
Published by Elsevier B.V. All rights reserved.
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In Ca2+-dependent CNS development [1–6], Vesl/Homer
proteins bind to and colocalize with other functionally critical
synaptic proteins [7–10]. Through their C-terminal coiled-coil
domain Vesl/Homer proteins can dimerize and through their
N-terminal WH1 domain Vesl/Homer proteins can establish
protein–protein interactions with a proline-rich motif
(PPxxFr) on other proteins. Homo- or heterodimerization
and the capacity to interact with other proteins are crucial
for the clustering activity of Vesl/Homer proteins at synapses
in general [7,8,11–25] and for group I metabotropic glutamate
receptors (mGluRs) [7,8,26] and the inositol 1,4,5-trisphos-
phate (IP3)-mediated intracellular calcium signaling in particu-
lar [27]. Activity-dependent and -independent local and global
intracellular calcium signaling has been implicated in the devel-
opment and particularly the diﬀerentiation of neurons [1–6,28].
The size of dendritic trees and the complexity of branching
patterns determine neuronal function in signal integration
and transmission [29–34]. During ontogenesis and in processes
associated with neuronal plasticity, release of calcium from
intracellular stores into the cytosol is a critical component in
this process and contributes particularly to the formation
and maintenance of dendritic structures [6,35–38]. In cerebellar
Purkinje neurons, the relevance of IP3-mediated intracellular
calcium signaling for neuronal activity [39] and for develop-
mental processes has been recognized [36,40–46].2. Methods
2.1. Expression plasmids
Plasmids expressing Vesl-1/Homer 1 isoforms and humanized Renil-
la reniformis green ﬂuorescent protein (hrGFP) were constructed by
inserting Vesl-1/Homer 1 isoform DNA in the multiple cloning site
of the pCAG-IRES-hrGFP, a vector in which the CMV promotor of
the pIRES-hrGFP-1a (Stratagene, La Jolla, CA) was replaced with
the CAG promoter [50]. Plasmid DNA was puriﬁed with the EndoFree
Plasmid Maxi Kit (Qiagen, Hilden, Germany).
2.2. Cerebellar slice cultures
Slice cultures were prepared as described previously [47,48]. Brieﬂy,
cerebella were dissected from 9-day-old Wistar rats. The vermes of the
cerebella were cut parasagittally into about 600-lm thick slices.
The slices were mounted on a collagen-coated, porous (2.0 lm)blished by Elsevier B.V. All rights reserved.
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which was ﬂoated at the interface between the air and culture medium
in a petri dish. The culture medium consisted of 15% heat-inactivated
horse serum (Gibco, Invitrogen, Grand Island, NY), 25% Earle’s bal-
anced salt solution, 60% Eagle’s basal medium, 5.6 g/l glucose, 3 mM
L-glutamine, 5 mg/ml bovine insulin, 5 lg/ml human transferrin,
30 nM sodium selenite, 20 nM progesterone, 1 mM sodium pyruvate,
50 U/ml penicillin G potassium and 100 lg/ml streptomycin sulfate.
The cultures were incubated at 33 C in 5% CO2/95% air.2.3. Electroporation of cerebellar slice cultures
Cerebellar slice cultures were transfected with the Vesl-1/Homer 1
isoform expression plasmids or the pCAG-IRES-hrGFP as control
using electroporation at the ﬁrst day in vitro (DIV). The plasmids were
dissolved in 10% TE (10 mM Tris–Cl, pH 8, 1 mM EDTA) resulting in
a 0.1 mM EDTA concentration in some experiments. Alternatively,
plasmids were dissolved in PBS containing no EDTA. 1.5 ll of 1–
2 lg/ll plasmid were pipetted onto a slice culture. Immediately
(approximately 2 s) after the plasmid solution was pipetted onto a cul-
ture, the tissue was placed in an electroporation chamber. The slice cul-
ture was placed between two parallel platinum plate electrodes of an
electroporation chamber (CUY520P15; Nepa Gene, Ichikawa, Japan)
that was ﬁlled with 1% agarose in 0.2 M mannitol/PBS (3:1). Electro-
poration was initiated immediately after placing cultures in the cham-
ber (approximately 1–2 s) by applying electric pulses (8 pulses of 70 V
for 50 ms with intervals of 75 ms) generated by a square-wave electro-
porator (CUY21; Nepa Gene). Subsequently, the slice culture was
washed with culture medium. After electroporation, the slice was cul-
tured for 5 days and ﬁxed or used for analyses at 6 DIV. In sum, slice
cultures were exposed to EDTA in the plasmid solution in a subset of
experiments for very short periods of time (6–7 s), which resulted in no
measurable cell death or diﬀerence in development of cells. The trans-
fection eﬃciency and viability of transfected cells appeared not to diﬀer
between the experiments performed with plasmids administered in the
presence or absence of EDTA. Transfection eﬃciency for Purkinje cells
was between 1 and 15 cells per slice independently of the construct
used.
2.4. Analysis of Purkinje cell dendrite morphology
GFP-positive Purkinje cells were imaged using a confocal laser scan-
ning microscope (LSM510; Zeiss, Oberkochen, Germany) and a 63X
water-immersion objective (NA = 0.9; Achroplan Water; Zeiss). 14–
16 projected optical sections of 3 lm thickness were combined to gen-
erate one stacked image for three-dimensional reconstruction of the
complete dendritic arbor. The stacked confocal microscopic images
of Purkinje cells were analyzed using the LSM Ver. 3.0 software (Zeiss)
and statistical analysis was performed using the Mann–Whitney
U-test.
2.5. Intracellular calcium imaging
Transfected Purkinje cells and controls were prepared as described
above and ester-loaded with 4 lM Fluo3-acetoxymethyl ester (Fluo3-
AM Molecular Probes, Eugene, OR) for 30 min. Cells were used ﬁrst
30 h after transfection when expression of transgenes reached a plateau
expression level. Measurement of Ca2+ transients at later timepoints up
to 6DIV produced identical results. Experiments were performed at
room temperature in a perfusion chamber mounted to the microscope
stage of a digital imaging workstation (ﬂuorescence microscope IX70,
Olympus America, Melville, NY; CCD camera; ORCA ER C4742,
Hamamatsu Photonics, Hamamatsu City, Japan; excitation wave-
length switcher, Lambda DG-4, Sutter Instrument Company, Novato,
CA). Cells were superfused at a continuous ﬂow rate of 1 ml/min with
L-15 buﬀer (Leibovitz medium, Sigma–Aldrich, St. Louis, MO) or
depending on the stimulus paradigm with Ca2+-free L-15 medium con-
taining 5 mM EGTA. Cytosolic Ca2+ concentrations were assayed by
monitoring Fluo-3 emission ﬂuorescence. The ratio of post-stimulus
ﬂuorescence values (F) to baseline values of ﬂuorescence intensity aver-
aged over 10 s before stimulus application (F0) was determined. These
F/F0 ratios never reached values higher than 1.05 for controls. The via-
bility of tested cells was assessed by the ability of cells to respond to
chemically induced plasma membrane depolarization (addition of
40 mM KCl to the extracellular perfusion buﬀer) with inﬂux of extra-
cellular calcium and the subsequent eﬃcient removal of calcium from
the cytosol after cessation of the depolarizing stimulus. Store ﬁlling ofintracellular Ca2+ stores was controlled for by administering the cell-
permeable SERCa inhibitor Thapsigargin (10 lM; Calbiochem–Nova-
biochem, San Diego, CA) at the end of experiments when cells’ calcium
transients had returned to baseline levels and in control experiments.
No signiﬁcant diﬀerence in store ﬁlling among experimental groups
was observed. Only cells that showed normal excitability and with in-
tact intracellular Ca2+ stores were analyzed and used for the study.
Purkinje cells were stimulated with bath application of the metabo-
tropic glutamate receptor group I agonist (S)-3,5-Dihydroxyphenylgly-
cine [51,52] (S-DHPG; Sigma–Aldrich, St. Louis, MO). It was applied
at pharmacologically relevant concentrations while cells were super-
fused with Ca2+-free L-15 medium containing 5 mM EGTA. This pro-
tocol allowed activation of the predominant group I metabotropic
glutamate receptor in Purkinje cells, mGluR1 [53]. Alternatively, cells
were stimulated with IP3-acetoxymethylester (IP3-AM; AG Scientiﬁc,
San Diego, CA) to directly activate IP3-mediated intracellular Ca
2+
signaling. In addition, separate groups of cells were preincubated with
the IP3 inhibitor Xestospongin C (Sigma–Aldrich) to inhibit the IP3-
mediated component of stimulus induced responses. Chemically in-
duced Ca2+ transients were analyzed by monitoring their amplitudes,
half-rise and -decay times with the Simple PCI imaging software (Com-
pix Imaging Systems, Cranberry Township, PA). Cells from at least
four independent sets of experiments for each condition were included
in the analysis.3. Results
We investigated how overexpression of Vesl-1/Homer 1 pro-
tein isoforms modulates the ontogenetic development and IP3-
mediated intracellular calcium signaling of rat cerebellar
Purkinje cells in organotypic cultures. Morphometric analyses
and optical imaging of cytosolic Ca2+ transients of cultured
Purkinje cells show that the presence of functionally active
long isoforms of Vesl-1/Homer 1 critically controls develop-
mental calcium signaling and its eﬀects on dendrite develop-
ment.
The role of Vesl-1/Homer 1 protein in dendrite formation of
cerebellar Purkinje cells was examined using an organotypic
slice culture system of cerebellum from 9-day-old rats [47,48].
This culture system preserves the overall structure of cerebellar
slices and the cytoarchitecture of the cerebellar cortex, and
reproduces the serial process of granule cell development
including proliferation, migration and extension of parallel
ﬁbers within 6 DIV, as described previously [47,48]. In addi-
tion, Purkinje cell survival and overall numbers, arrangement
and connectivity of Purkinje cells, such as extension of den-
dritic arbors toward the pial surface and formation of synapses
with parallel ﬁbers are not signiﬁcantly diﬀerent from the
in vivo situation [47,48]. The slice cultures were transfected
with the Vesl-1/Homer 1 isoform expression plasmids by elec-
troporation at 1 DIV. Cells were ﬁxed for morphometric anal-
ysis at 6 DIV.
Dendritic branching complexity was reduced by transfection
with Vesl-1L/Homer 1c (number of branching points per cell:
Figs. 1 and 2e). Transfection with the W24A mutant of Vesl-
1L/Homer 1c containing a disrupted WH1 domain or with
Vesl-1S/Homer 1a had no such eﬀects. In contrast, the overall
extension of dendrites (total dendritic arbor: Fig. 2a; length of
the longest dendrite per cell: Fig. 2b) was not inﬂuenced signif-
icantly by transfection with any Vesl-1/Homer 1 construct.
Despite the lack of statistical diﬀerence in total dendritic length
per cell among the experimental groups, a trend towards the
reduction of this parameter was observed in the case of the
Vesl-1L/Homer 1c transfection (Fig. 2a). Similarly, the Vesl-
1L/Homer 1c group showed a statistically not signiﬁcant trend
Fig. 1. Eﬀects of transfection with Vesl-1/Homer 1 isoforms on the
morphological development of cerebellar Purkinje cells. Cerebellar
slice cultures were transfected with plasmids expressing Vesl-1/Homer
1 isoforms and hrGFP using electroporation at 1 DIV, cultured for 5
days and ﬁxed at 6 DIV. Two representative cells are displayed for
each condition (a and b, control hrGFP transfected; c and d, Vesl-1L/
Homer 1c transfected; e and f, Vesl-1S/Homer 1a transfected). ‘‘1’’
panels show GFP labeling and the overall morphology of cells. ‘‘2’’
panels have all dendritic branching points highlighted with red dots
merged onto the GFP ﬂuorescence image of the ‘‘1’’ panel images. Red
dots highlighting branching points within the dendritic tree are also
shown separately in ‘‘3’’ panels. By transfecting Vesl-1L/Homer 1c (c,
d), dendritic branching of Purkinje cells was reduced when compared
with controls (a, b), while W24A (data not shown) and Vesl-1S/Homer
1a transfection (e, f) had no such eﬀects. Scale bar in f1 for all panels,
25 lm.
Fig. 2. Quantitative analysis of morphological changes in cerebellar
Purkinje cells after transfection with Vesl-1/Homer 1 isoforms. The
total length of all dendrites combined per cell (a; cell numbers
analyzed: control, 14; Vesl-1L/Homer 1c, 25; W24A, 10; Vesl-1S/
Homer 1a, 21), the length of the longest dendrite per cell (b; cell
numbers analyzed: control, 15; Vesl-1L/Homer 1c, 25; W24A, 10; Vesl-
1S/Homer 1a, 21), the length of dendrites between branching points (c;
cell numbers analyzed: control, 14; Vesl-1L/Homer 1c, 25; W24A, 10;
Vesl-1S/Homer 1a, 21), the number of dendritic branching points per
1 mm dendrite length (d; cell numbers analyzed: control, 14; Vesl-1L/
Homer 1c, 25; W24A, 10; Vesl-1S/Homer 1a, 21) and per cell (e; cell
numbers analyzed: control, 14; Vesl-1L/Homer 1c, 25; W24A, 10; Vesl-
1S/Homer 1a, 21) were quantiﬁed in Purkinje cells transfected with the
Vesl-1/Homer 1 constructs or control plasmids in slice cultures. The
number of dendritic branching points per cell was highly signiﬁcantly
reduced by Vesl-1L/Homer 1c transfection (*, P < 0.01 versus control).
In contrast, total dendritic length (a) and the length of the longest
dendrite per cell (b) were not inﬂuenced signiﬁcantly by transfection
with Vesl-1/Homer 1 constructs, although a trend for reduction of total
dendritic length was observed for Vesl-1L/Homer 1c transfected cells,
too. This trend, however, is relevant for the interpretation of the
quantiﬁcation of the number of branching points per 1 mm dendrite
length (d). Even though the overall number of dendritic segments and
of branching points is statistically highly signiﬁcantly lower for Vesl-
1L/Homer 1c (e) and the total dendrite length is not (a), the fact that
there is no statistically signiﬁcant diﬀerence in the number of
branching points per 1 mm dendrite length (d) indirectly indicates a
decrease in the complexity of dendritic arborization.
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not seen in other groups (Fig. 2c) and for the number of den-
dritic branching points per 1 mm dendrite length (Fig. 2d). Thecombination of these results, the reduction of total dendritic
length per cell (Fig. 2a) and the lower number of dendritic seg-
ments and branching points for Vesl-1L (Fig. 2e) while the to-
tal dendrite length (Fig. 2a) and the number of branching
points per 1 mm dendrite length are not aﬀected (Fig. 2d) indi-
cates a decrease in the complexity of dendritic arborization.
These morphometric ﬁndings were subsequently expanded
to functional and quantitative analyses of parameters of
intracellular Ca2+ concentration transients in cerebellar
Purkinje cells transfected with Vesl-1/Homer 1 constructs
(Fig. 3). When pharmacological stimuli were used to generate
Fig. 3. Quantitative analyses of parameters of intracellular Ca2+
concentration transients in cerebellar Purkinje cells transfected with
Vesl-1/Homer 1 constructs (‘‘control’’, hrGFP transfection alone;
‘‘Vesl-1L’’, Vesl-1L/Homer 1c transfected; ‘‘W24A’’, transfected with
the W24A mutation of Vesl-1L/Homer 1c; ‘‘Vesl-1S’’, Vesl-1S/Homer
1a transfected). (A) Quantitative analyses of the amplitude of
intracellular Ca2+ concentration transients in cerebellar Purkinje cells
transfected with Vesl-1/Homer 1 constructs. Vesl-1L/Homer 1c over-
expression potentiates metabotropic glutamate receptor 1 and IP3
receptor mediated intracellular Ca2+ concentration transients in
developing Purkinje cells. Cerebellar slice cultures were transfected
and cultured as described for Figs. 1 and 2 and used for Ca2+ imaging
experiments. After loading of cells with 4 lM Fluo-3AM (ﬂuo-3-
acetoxymethylester; Molecular Probes, Eugene, OR), cells were kept in
Ca2+-free L15 medium (Leibovitz medium, Sigma–Aldrich, St. Louis,
MO) and were stimulated with 20 lM of the group I metabotropic
glutamate receptor agonist (s)-3,5-dihydroxyphenylglycine (‘‘S-
DHPG’’, Sigma–Aldrich) or with 500 nM IP3-acetoxymethylester
(‘‘IP3-AM’’, AG Scientiﬁc, San Diego, CA) in the presence or absence
of 1 lM Xestospongin C (‘‘XS’’, Sigma–Aldrich). Emission ﬂuores-
cence intensity of ﬂuo-3 was monitored, the ratio of ﬂuorescence over
baseline ﬂuorescence was calculated and the maximal values plotted.
Fluorescence measurements were corrected for hrGFP background
ﬂuorescence, which was typically 20–40% of the total ﬂuorescence.
Amplitudes in Vesl-1L/Homer 1c transfected cells were signiﬁ-
cantly increased when compared with control transfected cells
(*, P < 0.05 versus control), Vesl-1S/Homer 1a and Vesl-1L/Homer
1c W24A transfected cells showed no such changes. Pre-incubation
with the IP3 receptor inhibitor Xestospongin C abolished intracellular
Ca2+ concentration transients in each experimental condition indicat-
ing mechanistically that S-DHPG and IP3-AM mediated transients are
operative through the IP3 receptor signaling pathway. Fifteen cells
were analyzed for each group. (B) Quantitative analysis of the
frequency of spontaneous local dendritic and global intracellular
Ca2+ concentration transients aﬀecting developing cerebellar Purkinje
cells transfected with Vesl-1/Homer 1 constructs. Values were normal-
ized as event per unit time and dendritic length unit and combine both
local dendritic and global cellular Ca2+ transients. Spontaneous
intracellular Ca2+ concentration transients were Xestospongin C
(‘‘XS’’) sensitive, independent of transfection conditions. However,
only Vesl-1L/Homer 1c transfected cells displayed a change in
spontaneous activity in the form of an approximately 2-fold increase
in frequency. Fifteen cells were analyzed for each group.
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kinje cells signiﬁcant diﬀerences in the signal amplitude were
seen after transfection with Vesl-1L/Homer 1c when compared
to controls or cells transfected with the short isoform of Vesl-1/
Homer 1, Vesl-1S/Homer-1a, or the W24A mutant of Vesl-1L/
Homer 1c (Fig. 3a). Vesl-1L/Homer 1c overexpression potenti-
ates IP3 receptor mediated intracellular Ca
2+ concentration
transients in developing Purkinje cells in both direct pharma-
cological stimulation of IP3 receptors as well as through indi-
rect IP3 receptor signaling via pharmacological activation of
metabotropic glutamate receptor 1 (Fig. 3a). Both direct stim-
ulation of IP3 receptor mediated calcium signaling using IP3-
AM and indirect stimulation with the group I metabotropic
glutamate receptor agonist S-DHPG were sensitive to the IP3
receptor inhibitor Xestospongin C which also abolished poten-
tiation of the amplitudes of intracellular Ca2+ concentration
transient by Vesl-1L/Homer 1c overexpression (Fig. 3a). These
Xestospongin C eﬀects indicate mechanistically that S-DHPG
and IP3-AMmediated Ca
2+ concentration transients, but more
importantly also that their potentiation by transfection with
Vesl-1L/Homer 1c are operative through the IP3 receptor sig-
naling pathway. In separate experiments, the frequency of
spontaneous local and global intracellular Ca2+ concentration
transients in dendrites of developing cerebellar Purkinje cells
was monitored. Similar to the pharmacological stimulation
paradigms (Fig. 3a), spontaneous intracellular Ca2+ concentra-
tion transients were also Xestospongin C sensitive (Fig. 3b).
This indicates that release of Ca2+ from intracellular Ca2+
stores particularly through IP3 receptors contributes signiﬁ-
cantly to this spontaneous activity. In parallel, transfection
with Vesl-1L/Homer 1c led to a signiﬁcant, approximately 2-
fold increase in the frequency of spontaneous intracellular
Ca2+ concentration transients. However, transfection with
the short isoform of Vesl-1/Homer 1, Vesl-1S/Homer-1a, or
the W24A mutant of Vesl-1L/Homer 1c did not alter the fre-
quency signiﬁcantly (Fig. 3b).4. Discussion
The morphometric analyses of the eﬀects of Vesl-1/Homer 1
overexpression on dendritic development in cerebellar Purkinje
cells revealed that the long isofom of Vesl-1/Homer 1, Vesl-1L/
Homer 1c, and the presence of both a functional WH1 domain
(disrupted in the W24A mutant of Vesl-1L/Homer 1c) and a
functional C-terminal coiled-coil domain (lacking in the short
alternative splicing product Vesl-1S/Homer 1a) speciﬁcally, re-
duced dendritic branching complexity (Figs. 1 and 2). This was
paralleled by an identical isoform speciﬁc eﬀect on biophysical
parameters of both pharmacologically stimulated and sponta-
neous IP3 receptor mediated intracellular Ca
2+ signaling of
developing cerebellar Purkinje cells. Vesl-1L/Homer 1c poten-
tiated intracellular calcium signaling activity, whereas Vesl-1S/
Homer 1a and the W24A mutant of Vesl-1L/Homer 1c
disrupting its WH1 domain did not. We conclude that intracel-
lular calcium signaling in general, inositol 1,4,5-trisphosphate-
mediated intracellular calcium signaling in particular, and their
eﬀects on the development of dendrites are modulated by the
antagonistic behavior of Vesl-1/Homer 1 isoforms, Vesl-1S/
Homer 1a and Vesl-1L/Homer 1c, as seen in other systems
[12,13,15]. Ca2+ signaling data were acquired from cells 30 h
after transfection with maximal transgene expression eﬃ-
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the time of analysis of the morphometric data (6DIV) pro-
duced identical results. These ﬁndings have particular rele-
vance given previous reports of protein–protein interactions
between Vesl-1/Homer 1 and IP3 receptors [16,17] or with
structurally and genetically related intracellular Ca2+ channels
[11–13,16,17] as well as of functional eﬀects of such interac-
tions between Vesl-1/Homer 1 and ryanodine receptors, which
show high homology to IP3 receptors [11–13]. Such protein–
protein interactions with proline-rich motifs on other proteins
are established by Vesl/Homer through their N-terminal do-
main whereas a C-terminally located coiled-coil domain is crit-
ical for Vesl/Homer proteins to dimerize and establish
clustering activity [7–26]. The combination of these ﬁndings
with results from the present study strongly suggests that bind-
ing of the long isoform of Vesl-1/Homer 1 modulates intracel-
lular Ca2+ channel activity in general and in the present study
regulates the morphological development of Purkinje cell den-
drites. This is of particular relevance since the micro-architec-
ture of the dendritic arborization and the complexity of
branching patterns are critical for neuronal functions such as
signal integration and transmission [29–34]. Seminal work by
Lohman and Wong showed that activity-dependent and -inde-
pendent local and global intracellular calcium signaling is
essential for the development and particularly the diﬀerentia-
tion of neurons [6,28]. Several studies have shown, for exam-
ple, that release of calcium from intracellular stores is a
critical mechanistic component of neuronal ontogenesis and
in processes associated with neuronal plasticity, contributing
eventually to the formation and maintenance of dendritic
structures [6,28,35–38]. In particular, in cerebellar Purkinje
neurons, the relevance of IP3-mediated intracellular calcium
signaling for neuronal activity [39] and for developmental pro-
cesses has been recognized [28,40–46]. The process of dendritic
branch formation therefore may need spatially and temporally
organized patterns of intracellular calcium concentration tran-
sients. The importance of such patterns for dendritic develop-
ment has been exempliﬁed previously when localized calcium
increases, local ‘ﬂashes’, but not global increases were shown
to be necessary for dendrite formation [6]. The present study
found that transfection with Vesl-1L/Homer 1c, which is also
expressed endogenously in Purkinje cells [7], led to a highly sig-
niﬁcant reduction in dendritic branching of developing Pur-
kinje cells with speciﬁc patterns such as no changes in
dendritic segment length between branching points (Figs. 1
and 2). At the same time eﬀects of increased levels of Vesl-
1L/Homer 1c protein on kinetic as well as quantitative compo-
nents of IP3 receptor mediated intracellular Ca
2+ signaling
(Fig. 3) indicate a potentiation of such signaling by Vesl-1L/
Homer 1c. The short isoform, Vesl-1S/Homer 1a, lacking the
C-terminal coiled-coil domain, or the W24A mutant of Vesl-
1L/Homer 1c with a disrupted WH1 domain had no such func-
tional eﬀects. This indicates that IP3 receptor mediated activity
is potentially regulated diﬀerentially by Vesl-1/Homer 1 iso-
forms a and c similar to other cellular processes modulated dif-
ferentially by Homer 1 isoforms a and c [12,13,15]. This
mechanism of a potentiation of intracellular Ca2+ release by
Vesl-1L/Homer 1c leading to changes in dendritic branching
may also involve Calcium/calmodulin-dependent protein ki-
nase II (CaMKII). Fink and colleagues proposed that low
and high levels of stimulation preferentially activate CaMKIIa
and b, respectively [49]. CaMKIIb activation leads to an in-crease in ﬁlopodia extension and synapse formation, while
CaMKIIa activation leads to dendritic stabilization. In our
experiments, Ca2+ release from intracellular stores enhanced
by Vesl-1L may preferentially activate CaMKIIa, leading to
stabilization of dendritic morphology including inhibition of
dendritic branch formation. Alternative direct eﬀects of Vesl/
Homer on structural components during development such
as its clustering function at synapses cannot be excluded at this
point since the processes of dendritic arborization and the reg-
ulation of intracellular Ca2+ concentration are closely linked.
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